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Introduction
Noise is an important disutility negatively affecting the prices of housing, especially when it exceeds certain thresholds. Particularly annoying can be the noise produced by starting and landing airplanes. This is the reasoning that led the government of Berlin to undertake the construction of a new large airport at the southeastern outskirts of Berlin, whose opening would allow a radical change in the flight corridors in order to substantially reduce the noise exposure of Berlin. The process of planning the flight routes of the new airport was difficult and lengthy due to its utmost importance for the general public.
In August 2004, the Planungsfeststellungsbehörde, a regional planning unit, announced the decision to establish a single airport for Berlin and Brandenburg in Schönefeld 1 . In September 2010, the Deutsche Flugsicherung (DFS) presented preliminary flight corridors for BER to the public, including approximate climb gradients and average utilization of the routes. Due to heavy protests and after the formation of an expert committee on flight noise (Fluglärmkommission), the DFS updated the corridors in July 2011. Albeit the new corridors were again labeled as preliminary, certainty increased considerably. Final corridors were announced on January 26, 2012.
The impact of airport noise on house prices has been analyzed in a variety of articles. These studies were conducted mostly for the USA and Canada, but more recently also for some European airports. They rely on data of individual houses and regress prices on the exposure to noise (see Nelson (2004) for an overview). Cohen and Coughlin (2008) introduce spatial effects in a study of Atlanta airport in order to reduce omitted variable bias due to unobserved characteristics of the houses and their neighborhoods and use a three-regions noise band (no exposure, 65-70 dB, above 70 dB) around the airport. Salvi (2007) conducts a similar exercise for Zurich airport, but uses a much denser noise coverage. Boes and Nüesch (2011) use a change in flight regulations for Zurich airport that led to a new pattern of noise, and exploit the resulting variation. The quasi-experimental design lifts some weight off the hedonic regression in the empirical strategy since it is reasonable to assume that treatment, i.e., noise, was assigned randomly to a set of houses. In addition, their noise data are superior in terms of density and variation. Whereas most studies in the spirit of Cohen and Coughlin (2008) rely on noise contours with only one or two different regions that have relatively high cutoff values, the noise data of Boes and Nüesch are continuous and geographically precise.
However, the authors only consider rents and not property prices, which makes it difficult to compare their results with those of other studies. Moreover, they exclude observations ten months before and twelve months after the change, which is why their estimates are likely to cover long-term reactions, but not the adjustment process.
The airports of Berlin were examined in two studies by Maennig (2007, 2011) . The authors found little evidence for accessibility effects of airports, but substantial discounts of approximately 40% for residential property when noise exposure is above 55 dB. They also identify a nonlinearity at 55 dB, above which most of the noise discount sets in. The authors note the importance of controlling for accessibility effects in order to prevent a bias of the estimated noise discount.
The focus of this study is different in two ways. First of all, the planning stage of Berlin-Brandenburg International (BER) airport located in Schönefeld, south of Berlin, allows us conducting a quasi-experiment, since the proposed flight routes changed considerably from the first sketch (September 2010) to an intermediate stage (July 2011) and the announcement of the final air corridors (January 2012) 2 . Secondly, noise only plays an indirect role in this setup, since it is the anticipated noise that drives prices here. We attempt to measure the price decline that is due to the announcment of the flight corridors. Thereby, we draw attention to the adjustment process and the potential harm that might result from a disruptive planning stage. We also circumvent common problems related to the modeling of noise exposure, since we rely solely on planned flight routes.
2 Data and empirical approach 2.1 Data
The real estate data come from three online real estate advertising websites, Immobilienscout24 (IS24), Immonet, and Immowelt 3 . Up to April 2011, the only source available to the authors is IS24. The data were provided by IS24 directly and free of charge thanks to a cooperation agreement concluded between the authors and Immobilienscout24.
Only those observations were used for which the exact address and coordinates were known. The data also 2 Unfortunately, our data do not allow examining prices before the decision for the expansion was settled in the first place. 3 For details on the data, the reader is referred to Kholodilin and Mense (2011). 3 contain control cases that are situated in Berlin and south Brandenburg, but are not close to a corridor at any point in time. This enables us to shed some light on the reaction of house prices during the planning stages of the construction of an airport by conditioning on price changes in and around Berlin that are not related to BER. This paper is concerned with expectations about aircraft noise, not actual noise levels. Therefore, we make use of the coordinates of the planned flight corridors. OLS regression is applied to account for quality differences between houses and obtain the separate price effect caused by the announcement only.
In addition, several geographical and amenity variables were collected from various sources in order to take into accout the effect of location upon the housing prices.
The coordinates of the flight corridors were taken from the DFS web page. All data sources are summarized in table A.1.
Price expectations and the planning stage
The announcements of the flight routes for BER on September 27, 2010, and their updates on July 4, 2011, and January 26, 2012 may be seen as a quasi-experiment for examining the reaction of housing prices to expected flight noise. Part of this is the housing price adjustment that potentially took place between August 2004 and the first announcement in September 2010. Unfortunately, our data do not permit addressing this issue.
However, we might still be able to examine the reactions to the announcements of the corridors. As will be laid out below, the different planning stages enable us to work around this problem to a certain extent. In the present setup, we use data from April to June 2011 and August to October 2011.
If price effects occurred before September 2010 for locations that were affected finally, a solution would be to control for these anticipation effects. In case the anticipated price drop is not controlled for, the estimated price decline will be too small because of the reduced price in the base period.
In order to further reduce the anticipation effect we make use of the three announcements in the following way: In September 2010, the situation was relatively hard to grasp. People might have reacted ex ante or they might have not. Due to the news, however, expectations were "settled" and people adjusted their expectations.
Those unaffected in 2010 most definitely placed a lower probability on the event of treatment. As a consequence, the estimates for this group will be biased by anticipation effects to a much smaller degree. Therefore, the update of the corridors in July 2011 (J11) was used as a source of exogenous variation. We make use of the fact that people reacted to the first announcement in September 2010 (S10). It is therefore reasonable to assume that people unaffected in September 2010 expected to be affected by the final plans with a much smaller probability.
Empirical specification
Our econometric model can be formulated as follows:
where Y i is the price per square meter, X i is a vector of control variables, including house or apartment type, the square area of the apartment, the number of rooms, the site area, dummies for presence of a balcony or a terrace, a parking lot, a fitted kitchen, an elevator, a garden, and a second bathroom, as well as for the requirement of a commission payment. Year of construction is controlled for via a set of dummies for seven housing age groups (including the category "new"). Additional dummies indicate whether the dwelling is rented out, and whether it is suitable for the elderly and for handicapped persons. The number of ads within 500 m from the observation was used as a proxy for population density. This variable was also interacted with other covariates to capture higher prices caused by the scarcity of space in densely populated areas. In addition, some location variables were introduced. These include the distance to the next train station, Autobahn, Bundesstraße (national highway), kindergarten, restaurant, supermarket, lake, park, BER, and to the city centers of Berlin and Potsdam 4 . Throughout the paper, we denote distance variables by "d.variable name". D i is a vector that contains the distance to the next corridor and the distance to BER. It turned out that cutting the distance to a corridor at 4.5 km leads to reasonable results, although the cutoff was not necessary 5 .
Both log and linear forms of distance were used, but yielded similar results. In what follows, we therefore only report the linear results.
A i is the announcement dummy, which is equal to 1 for ads published after the announcement and 0 otherwise. It is the interaction of the announcement dummy with D i that is the focal point of the analysis:
The combination of A i and the distance to a corridor captures the effect of the announcement on the treatment group. We expect a drop in the price per square meter due to the negative effect of noise on the value of a location. A i × d.BER controls changes in the assessment of airport proximity due to the announcement.
These might be due to job accessibility effects, but may also catch anticipation effects. The identification of the announcement effect requires to account for time trends in the sample as well as local time trends that might differ substantially since we attempt to use observations from Berlin, for which prices increased sharply in 2011 (see, e.g. Kholodilin and Mense (2012) ) and Brandenburg. The interaction of A i and G i is designed to catch these trends. For G i , a full set of ZIP code dummies were used.
In addition, we present results from a spatial lag model (SLM) and a spatial error model (SEM). The first takes into account spatial dependencies between observations through regressing the own price on the price of neighboring houses. The latter introduces a spatially correlated error term that also attempts to take into account unexplained variation that can be attributed to the location of the building. The spatial lag model (SLM) has the following form:
where ρ is the spatial lag coefficient and W i is a normalized weight vector with weights w i,j = 1 di,j where d i,j the distance of i to the jth-nearest neighbor. Only the K = 5 nearest neighbors are used, such that ∀j > K : w i,j = 0. The model is estimated by the maximum likelihood method. Similarly, the spatial error model (SEM) is defined as:
where λ is the spatial error coefficient.
3 Estimation results and discussion
We assigned categories to the observations, conditional on their status as a) new under a corridor; b) under a corridor that was confirmed; or c) not under a corridor anymore see Figure A. 1. An observation was considered to be under a corridor at a point in time if its distance was less than 4.5 km. Control observations with distances between 4.5 and 25 km from any corridor were included in all specifications. The distance difference (d.S10d.J11) was introduced in order to capture the effect of relative distance changes for group c) 6 . Its coefficient is expected to have a negative sign since a relatively smaller J11 distance should exert downward pressure on prices. Dependent variable is price per square meter, heteroscedasticity-corrected standard errors are in parentheses. The subscript 4.5 indicates a cutoff at 4.5 km. The distance difference variable (d.S10d.J11)×A is the difference between S10 and J11 distances and set to 0 for observations more than 4.5 km from all J11 and S10 corridors. In all cases, the sample is restricted to observations that are located more than 5.0 km from the airport and the city center and belong to ZIP codes 12000-15999. The complete list of covariates can be found in table A.2. p-values: ***: < 0.01, **: < 0.05, *: < 0.10. Table 1 reports the estimates for the July 2012 plans. The main effect for the interaction of the distance to a corridor with the announcement dummy is highly significant for group a). In terms of its magnitude, it predicts a 187.0 euros decline per km within the first 4.5 km 7 : A house located at more than 4.5 km direct air distance to a corridor would have its square meter price reduced by around 561 euros when moving to a place at 1.5 km distance, which amounts to a noise-related decrease of the mean price in that area by 38%. When using the results from the hedonic regression to construct a representative house and a representative appartment (where all variables were set to the mean or median value of the affected houses or appartments), the relative price decrease is 27 %.
The decline of 126.8 euros per km for group b) is much smaller and significant only at the 5%-level. Other specifications (not reported here) showed that the coefficient was not very robust to changes in the model. This is perfectly in line with expectations since the plans did not hold as much information for group b) as they did for groups a) and c).
To capture the effect of a relative distance change for group c), the variable (d.S10-d.J11) was defined as the difference in distance to the S10 and the J11 corridors. Thus, for a smaller S10 distance, its sign is negative and a price increase would be expected (and vice versa). Group c) experienced a price increase of 54.6 euros per km of difference in distance when starting at a location less than 4.5 km from a S10 corridor. It must be noted, however, that this coefficient was also not as stable as the coefficients for group a) when using alternative specifications. Together, the results for group b) and c) indicate that most of the reaction took place in July 2011, whereas the implied effect in September 2010 was modest. When adding up the effects for groups c) and b), the total effect is again in the range of the estimate for group a).
In all three cases, the d.BER variable has a positive impact on prices which is offset by the announcement.
This means that at greater distances, the price was higher ceteris paribus, but only until the plans were known publicly. At this point, uncertainty was reduced such that locations close to the airport, but not to a corridor did not sell at a discount as compared to locations farther away from the airport. We interpret this as an anticipation effect: House prices were lower around the airport due to the uncertainty about flight corridors. In other words, d.BER served as a predictor for corridor proximity. Thus, given the size of the noise effect and the behavior of the d.BER coefficients, we do not believe that the anticipation of a price decline introduced much bias into the results.
One other coefficient deserves mentioning here: The negative estimate for the distance to a J11 corridor (without interaction) is counterintuitive since it implies higher, not lower prices around the J11 corridors that were in place already before the announcement. We believe this is attributable to omitted variable bias. It must 8 be noted that the results for group a) that are key in the present setup are not affected by this result: Due to the fact that they rely on the exogenous variation induced by the publication of the new plans in July 2011, we are confident that these estimates capture relatively well the price decline that is due to the expecation of aircraft noise.
As a short robustness check, a full model for group a) is also reported in Table A .2, including a list of all covariates that were used for the models in Table 1 . In order to investigate the effect of the distance difference for group a), we added this variable to the model. In contrast to the model in column a) of Table 1 , all observations within 4.5 and 15 km distance to a corridor were excluded to reduce bias through anticipation effects. The idea is that "endangered" sellers who did not end up under a corridor as of July 2011 react by a price increase.
If these observations belong to the control group, the estimate is biased upwards. The results do not suggest this outcome: The coefficient on the distance variable gets slightly bigger. In addition, the distance difference variable is marginally significant, indicating an even stronger effect when the S10 corridor was relatively far away. In the spatial lag and the spatial error model, both coefficients increase in magnitude, and the distance difference variable becomes significant at the 5% level.
The variables capturing the quality of the apartment or house all have the desired sign, although the coefficients for "Use of garden" and "suited for the elderly" are insignificant. The same holds for the categorial variables "Quality", "Level", "Condition" and "Year of construction". Higher distance to Berlin and to Potsdam reduces prices significantly, as well as a higher distance to the next park or lake or national highway (Bundesstraße). The coefficients for the distance to the next train station and to the next kindergarten are of the correct sign, but insignificant. The latter is also true for the distance to the next Autobahn, which seems to have a rather positive impact, probably due to noise and other disamenities related to traffic. Finally, a higher number of ads in the neighborhood of the observation reduces the price significantly. Most coefficients are stable when comparing the OLS to the SLM and SEM, whereby the SLM has the lowest AIC value. Also, the spatial lag coefficient, ρ, and the spatial error coefficient, λ, are highly significant.
Taken as a whole, these figures show that airport noise is extremely costly for house owners. We find that the square meter price of residential property declined by around 13% per km direct air distance to a corridor in-between a range of 1.3 to 4.5 km according to the results in table 1. What is new about this result is the 9 fact that the variation in the data is driven by the announcement of new flight corridors for BER and not by the already existing noise. Earlier results did not build upon such a quasi-experimental setup. Secondly, these estimates rely on the expectation of noise: House sellers and buyers seem to react to the publication of new flight corridors within days. Following up on this study, the price dynamics affected by the actual noise level that will be experienced after the airport starts to operate could indicate whether people estimated the level of noise exposure correctly, i.e., whether prices will essentially remain stable or not.
To summarize, the findings stress the importance of a transparent planning stage for the expansion of airports. They also make clear that locating airports in close proximity to densely populated areas might destroy considerable parts of the wealth of the inhabitants. From an economic point of view, these effects represent externalities which should be priced in accordingly.




Dependent variable is the price per square meter, OLS standard errors are heteroskedasticity-corrected. Pop. density is the number of ads within a distance of 500 m. All variables are scaled to [0,1], except for those reported also in Tables 1. The selection of variables corresponds to the one in Table 1 , column (1). p-values: ***: < 0.01, **: < 0.05, *: < 0.10.
